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Abstract. The embryonic development of Octopus mi mus Gould. I 852. was studied under normal upwelling tem­
perature conditions (16°C) and under conditions of medium and strong El Nino Southern Oscillation (ENSO) events 
(20°C and 24°C, respectively). The embryonic development under high temperature conditions is faster than at lower 
temperature. Embryonic development of Octopus mimus under normal upwelling temperature conditions (represented by 
a constant temperature of l6
°
C) takes about 35'7c more time than under conditions of medium ENSO events (at a constant 
temperature of 20°C), and 62% more on average than under conditions of strong ENSO events (at a constant temperature 
of 24°C). There were no abnormalities visible on the embryos developed at 24
°
C. The hatching rate was high (estimated 
at about 95%). The higher temperature had no adverse effect on the viability of the hatchlings. This suggests genetic 
fixation of a wide temperature tolerance. 
The embryonic development of Octopus mimus is very similar to that of 0. v11/garis Cuvier, l 797. However. egg and 
hatchling size, number of gill lamellae per demibranch. and he011�eut f c 1ue12eics differ between the two species. 
INTRODUCTION 
Octopus mimus Gould, 1852, is common along the Chi­
lean coast from l 8°S to 37
°S (Osorio et al., 1979). This 
octopus is an important resource for artisanal fisheries in 
the northern part of Chile. From 1978 to 1994 the total 
catch increased from 4 tons to 3732 tons (Servicio Na­
cional de Pesca, 1994). 
During El Nino Southern Oscillation (ENSO) condi­
tions in 1982/1983, the population size of Octopus mim11s 
increased significantly, in contrast to most other inverte­
brates of this region which died out or were significantly 
reduced (Arntz & Fahrbach, 1991). Near Antofagasta 
(northern Chile) the population of 0. mim11s increased by 
a factor of 100 (Tomicic, 1985). 
Little is known about the life cycle of Octopus mimus. 
Size at maturity and the reproductive cycle were studied 
by Arancibia (1984) and Cortez et al. (1995b). Wolff & 
Perez (1992) investigated aspects of population dynamics, 
food consumption, and conversion efficiency, and Cortez 
et al. (1995a) observed feeding dynamics. Octopus mimus 
was long synonymized with 0. vulgaris Cuvier, 1797, and 
has only recently been recognized again as a separate 
species (Guerra et al., personal communication). Apart 
from a few pictures of an egg mass given by Cortez 
(1995), nothing has been published on the embryonic de­
velopment of 0. mimus. The present study provides de­
tails of the embryonic development, under normal up­
welling conditions ( l  6°C) and under conditions of medi­
um and strong ENSO influence (temperature 20°C and 
24°C, respectively). The aims of this study are (1) the 
assessment of the influence of ENSO type temperature 
changes on embryonic development, and (2) to define the 
differences in embryonic development between 0. mimus 
and 0. m/garis. 
METHODS 
Adult Octopus mim11s were collected off the coast of 
northern Chile in the region of Iquique, by SCUBA div­
ing at depths of 5-10 m. Dorsal mantle length (measured 
from the midpoint between the eyes to the apex of the 
mantle tip), head width, and weight were determined in 
all adult females. In the field, the main spawning season 
of 0. mimus is between November and March, although 
egg laying is observed throughout the year. Animals were 
maintained in 500 L tanks at the Departamento Ciencias 
de! Mar (Universidad Arturo Prat). All octopuses were 
kept in the laboratory under constant temperature condi­
tions of l6°C, 16.5°C, 20
°C, and 24°C (± 1 °C) with a slow 
continuous flow of clean seawater resulting in a daily 
renewal of the whole water volume. 
The nitrate content of the aquarium water was moni­
tored following the recommendation of Boletzky & Han­
lon (1983). When a high nitrate concentration was ob­
served, the aquarium water was partly changed until ni­
trate could no longer be detected. 
Females were kept isolated in covered tanks. Each tank 
contained a clay flower pot as a hiding place for the fe­
male, providing her with a substrate on which she could 
attach her eggs and brood them as she would do in a den 
under natural conditions. 
Brooding females of Octopus mimus were fed daily at 
least one item from a variety of clams (Venus antiqua, 
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Pn,tothaca rhaca. Gari solida. and Tagelus do111bii). and 
cr.ihs (lt.·prograpsus \·ariegatus and Cancer st•to.H1s). Ve-
1111s antiqua ,vas the dominant fo(xi item. 
Tht." fen1ales laid their eggs in long strings or festoons. 
The nun1hc:r of strings \\'as counted and the string length 
,,·as measured. The nun1Jxr of eggs in 1 cn1 of string \\'J.S 
dctem1ined. providing an estimation of total egg number 
pt.""r egg mass. At 3-day intervals. 3-10 eggs \\'ere rc­
n1oved from each egg mass and examined under a dis­
secting microscope. Dra,vings ,verc made, and photo­
graphs of the eggs were taken with a camera (Nikon Sys­
tem of l\licroflex HFl\l-35A-35 mm camera box l\135FA) 
connected to the dissecting microscope (Nikon Sl\lZ-10). 
A video camera (Sony video color I CCD model 
DXCl07A) attached to the microscope was used occa­
sionally to monitor embryos. 
Eggs were fixed in Bouin's fixative (15 vols. picric 
acid, 5 vols. formalin. I vol. acetic acid) and preserved 
in 70'7c ethanol for later examination. Developmental 
stages of the embryos were identified according to Naef 
( 1928). The rate of embryonic growth was detennined by 
regular control measurements of egg size. yolk volume. 
and size of the embryo body. The standard deviation (SD) 
of size was calculated for each sample size (n). The time 
required for embryonic development was detennined for 
the different temperatures, along with the frequency of 
heartbeat at advanced stages. Embryonic mortality within 
an egg mass was estimated based on the daily observation 
records. In addition, embryonic development was de­
scribed and compared to the observations reported for 
other species of Octopus (Boletzky, 1967, 1969, 197la, 
b, 1987, 1989; Fioroni, 1978; Hochberg et al., 1992; Joll, 
1978; Mangold-Wirz, 1983). 
The size of hatchlings, total length, dorsal mantle 
length. and head width were measured following Hoch­
berg et al. (1992) and standard deviations were calculat­
ed. For close observation of behavior, groups of I 00 
hatchlings each were maintained in six small glass aquar­
ia equipped with air bubblers surrounded by fine mesh to 
avoid damage to the hatchlings. Each aquarium contained 
55 L of still seawater, which was changed once a day. 
The hatchlings were fed various planktonic organisms 
(mainly larvae of Pagurus sp. and of Cancer setosus).
First feeding was observed through the transparent aquar­
ium wall and was subsequently validated by close in­
spection of the digestive tract of the observed individuals 
under the dissecting microscope. 
RESULTS 
The smallest mature female Octopus mimus found during 
this study in the field had a mantle length (ML) of 120 
mm and a head width of 45 mm, with a total wet weight 
of 868 g. The ovary weighed 165 g; the capsule length 
of the mature ovarian eggs measured 1.95 mm. The Iarg-
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est female Octopus nrinu,.s observed ,veighed 2818 g ,vith
a mantle length of 230 mm. and a head width of 50 mm. 
Brooding females were fed daily. All females survived 
for at least 2 weeks after hatching of the last young. 
Egg and string si::_e. Egg laying ,vas observed nearly 
, throughout the year (see Table I). From the egg string 
l counts and subsamples of eggs. the average fecundity of 
�
' a female Octopus mimus was estimated at between 60.000 
and 200.000 eggs. Indeed each female laid about 200 
strings of eggs ranging from 3-10 cm in length and con­
taining an average of 100 eggs in 1 cm.
The eggs of Octopus mimus are small in terms of both 
absolute and relative size. The chorion capsule of freshly 
laid eggs measured on average 2.03 mm in length (n = 
50; SD = 0.25) and 0.9 mm in width (n = 30: SD =
0.08); the stalk measured 5.7 mm (mean of five measure­
ments) in length (cf. l\langold-Wirz 1983: fig. 21.2 for 0.
\'11/garis). The yolk mass on average was 1.7 mm Jong (n 
= 27; SD = 0.17) and 0.8 mm wide (n = 27; SD =
0.09). The increase of chorion length through embryonic 
development was similar in all egg masses except "C" 
and "F" (Table I). The value for egg mass "C" is not 
significant, however, given the small sample size (see Ta­
ble 1). In this case, the initial chorion length was rela­
tively small compared to the other egg masses. Thus the 
average increase of chorion length of all egg masses, ex­
cluding egg mass "C", was about 11 %. There was no 
correlation between magnitude of size increase and tem­
perature. The hatchlings measured on average 2.34 mm 
(n = 60 individuals; SD = 0.19) in total length. The range 
of variation in the hatching size was 2.1-2.6 mm total 
length. Hatchlings had an average mantle length of 1.85 
mm (n = 30; SD = 0.08) and a head width of about 0.84 
mm (n = 30; SD = 0.09). 
Embryonic development. The embryonic development 
of Octopus mimus (Figure IA-F) turned out to be very 
similar to that of 0. vulgaris (Boletzky, 1969, 197l a, 
1989). Like other cephalopods, 0. mimus develops a dis­
coblastula at the animal pole of the ovum on the side of 
the micropyle. Stage I of Naef is defined as the end of 
cleavage (Figure I A). Then the prospective yolk sac en­
velope grows over the yolk surface toward the vegetal 
pole. At Stage VII the first relief elevation of the embryo 
in the mantle region is visible at the animal pole (Figure 
18). By this time, aided by the ciliary beat of the yolk 
sac envelope, the embryos begin to rotate around their 
longitudinal axis in a clockwise direction (in apical view). 
Eventually the direction of the ciliary beat changes and 
the embryos reverse their position in the chorion, as de­
scribed for Octopus vulgaris (Boletzky, 1971a, b). The 
yolk envelope is completed at about Stage IX and the 
resulting outer yolk sac begins to pulsate irregularly 
(about seven beats per minute). At Stage X to XI the arm 
buds are conspicuous but the mantle rudiment is still flat 
(Figure IC). The inner yolk sac shows two posterior lobes 
at about Stage XII. In the depression between these lobes 
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Table 1 
Duration of embryonic development to the day of hatching and growth of Octopus mim11s during embryonic development 




to first ment to 
regular the day of 
Temperature Egg mass heartbeat h.i.tching 
('C) (date) (days) (days) 
24 A 18 25 
5/8/95-6/2/95 
autun1n 
20 B 23 38 
9/18/94-10/26/94 
spring 
20 c 28 43 
12/ 12/94-1 /24/95 
summer 
20 D 22 37 
3/20/95-4/26/95 
autumn 
16.5 E 46 63 
4/28/95-6/30/95 
autumn 
16 F 44 67 
2/2/95-4/10/95 
summer/autumn 
the stomach rudiment has been closed (Figure ID). The 
coordination and the first regular pulsation of systemic 
heart and branchial heart occurs at about Stage XV; it 
was observed after 18 days ( d) at a temperature of 24 °C, 
after 24 d at 20°C (average of two egg masses), and after 
44 d at J6°C (Table I). By stage XV the inner yolk sac 
is very reduced (Figure IE) as in other octopods (Boletz­
ky, 1975; Joi!, 1978); it increases again later (Figure IF). 
The outer yolk sac is now clearly demarcated from the 
body of the embryo. Before hatching, i.e., between Stage 
XIX and Stage XX when the outer yolk sac has been 
strongly reduced in size, most of the embryos reverse 
their position a second time as in 0. vulgaris (Partmann, 
1933). 
There are only a few notable differences between the 
embryos and the hatchlings of Octopus mimus and 0. 
vulgaris. The hatchlings of 0. mimus have seven (Figure 
I G) gill lamellae per demibranch, while those of 0. vul­
garis have only five (Boletzky, 1969). The appearance of 
pigment in the ink sac is somewhat earlier in 0. mimus 
(Stage XVII) than in 0. vu/garis (Stage XVIII). The cho­
rion stalk length in relation to the chorion capsule length 
of 0. mimus (X2.8) is also slightly higher than in 0. 
vulgaris (X2.5) (Boletzky, personal communication; cf. 
Mangold-Wirz, 1983: fig. 21.2 for 0. vulgaris). 
Embryonic development in Octopus mimus takes about 
Length of egg at 
beginning of Incn:ase in 
en1bryonic Total length of chorion h:ngth 
development hatchling during embryonic 
(n1n1: mean value) (n1n1; n1ean value) developrnc:nt 
2.11 2.23 5.7<J-
n = 10 n = 30 
SD = 0.11 SD = 0.20 
2.28 2.37 -+.O'lc 
n = 7 n = 10 
SD = 0.21 SD = 0.44 
1.69 1.96 15.98'7c 
n = 2 n = l 
SD = 0.58 
2.27 2.42 6.6</c 
n = 10 n = 9 
SD = 0.05 SD = 0.09 
2.06 2.15 4.3'7c 
n = 10 n = 10 
SD = 0.10 SD = 0.04 
1.78 2.0 12.3'7c 
n = 10 n = 10 
SD = 0.16 SD = 0.15 
65 d under normal upwelling temperature conditions (rep­
resented by a constant temperature of l 6°C), about 39 d 
under conditions of medium ENSO events (at a constant 
temperature of 20°C), and 25 d on average under condi­
tions of strong ENSO events ( at a constant temperature 
of 24°C) (Table I and Figure 2). Thus development du­
ration at 24 °C was about 60% of that observed at 20°C, 
which was about 65% of the development time at 16°C. 
The time lapse between first and last egg laying and 
between first and last hatching was between 5 and 14 d, 
respectively, independent of the rearing temperature. 
Due to the high room temperature, it was not possible 
to maintain a constant low water temperature in the Petri 
dishes used for determination of the heartbeat frequency 
in embryos when observed under a dissecting micro­
scope. For example, an egg mass kept at an average 
brooding temperature of 20°C contained embryos show­
ing between 44 and 26 heartbeats/min. Egg mass "E" 
was kept at a temperature of !6.5°C. At Stage XIX, the 
heartbeat of an embryo of this egg mass showed a fre­
quency of about 52 pulsations/min. One day later, at a 
constant temperature of 22°C, the same embryo had a 
frequency of 94 pulsations/min. This variation is most 
likely due to the temperature sensitivity of heartbeat rate. 
Nevertheless, heartbeat frequency increased with de­




of h:ltchling:s of 0. nzinzus is initially p1anktonic. They 
ha.ve reL:itivc-ly short anns. The longest arrns (ahout 0.9-
1.0 n1n1. n = J) n1easure ahout one half the n1antle length 
of the hatchling. The am1s of the hatchlings are subt'qual 
in length and every arrn has three suckers of similar size. 
After -t d of hatching. the inner yolk sac was almost 
totally absorhed. In the surviving paralarvae. feeding be­
gan 5 d after hatching. Larvae of Pagurus sp. and of 
Cancer setosus were successfully captured by the hatch­
ling:s. Cancer setosus clearly acted as a stimulus for feed­
ing as indicated by Villanueva (199-t ). Pagurus sp. and 
C. setosus are very abundant littoral species in the north­
ern part of Chile and thus appear as an appropriate food
source. Ho\vever. survival of young Octopus n1i111us was 
very limited under aquarium conditions. The last paralar­
va died 12 d after hatching.
DISCUSSION 
Recent morphological investigations (Guerra et al.. per ­
sonal communication; Hochberg & Mangold. personal 
communication) and DNA-sequencing results (Soller et 
al., work in progress.) indicate that Octopus mimus and 
0. rnlgaris are closely related, but distinct species. It ap­
pears that their embryonic development is rather similar.
Therefore the staging system of Naef (1928) for embry­
onic development of 0. vulgaris can be applied to all
stages of 0. mimus. The first and second reversion, the
earliest pulsation of the outer yolk sac, and the beginning
of the heartbeats occur at the same development stages.
Also the stage when pigmentation begins to be visible in
0. mimus and 0. vulgaris is the same. In contrast to the
chromatophore pattern of 0. mimus as described by Cor­
tez (1995), I found no clear difference between the chro­
matophore patterns observed in 0. mimus and those de­
scribed by Fioroni (1965) for 0. vulgaris, since there is
always a relatively high natural variability in the respec­
tive patterns.
A clear difference was observed in the number of gill 
lamellae per demibranch at the time of hatching: five for 
Octopus vulgaris (adult: eight to ten [Boletzky, 1969]) 
and seven for 0. mimus (adult: seven to eight [Cortez, 
19951). The hatchlings of Scaeurgus unicirrhus delle 
Chiaje, 1830, also have seven lamellae per demibranch 
of the gill; they are in the same size range, but have four 
instead of three suckers and more numerous chromato­
phores than 0. mimus (Boletzky, 1984). Another distinc­
tion between 0. mimus and 0. vulgaris is the earlier ap­
pearance of the ink in the sac in 0. mimus. The arm 
length of 0. mimus was found to range from 0.9-1.0 mm 
(measurements from fresh animals), which is somewhat 
longer than that reported for 0. vulgaris (0.7 mm; see 
Hochberg et al., 1992). This slight difference in the arm 
length is probably insignificant due to the small number 
of individuals measured (n = 3). The chorion stalk length 
in relation of chorion capsule length of 0. mimus (X2.8) 
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is also slightly larger than that of 0. rnlgaris (X2.5) (Bol­
etzky. personal communication; cf. Mangold-Wirz. 1983, 
tig. 21.2 for 0. rnlgaris). 
At Stage XVIII. the heartbeat of Octopus mimus was 
about 77 pulsations/min at a temperature of 20°C. This is 
comparable to 0. tetrirns Gould, 1852, with 65-75 beats/ 
min at a temperature of l 9.5°C at Stage XVIII-XIX (loll, 
1978). The stages of the embryonic development of 0. 
tetricus are also similar to 0. 1·11/garis. 
The embryonic development of Octopus mimus under 
high temperature conditions is faster than at lower tem­
perature. Higher temperatures appeared to be of no dis­
advantage to the hatchlings. Indeed there was no visible 
difference in hatching success between 20°C and 2-l'C, 
the hatching rate in egg masses "B" (20
°C) and "A" 
(2-t°C) being nearly 100%. 
The low survival rate of the hatchlings could be rebted 
to failures in the system used for preparing the seaw .1ter 
for the small culture aquaria, and/or to the limited va: ,ety 
of natural food items available. \Vhether the rather ,,mu
average increase of egg size in Octopus n1i111us (chorion 
capsule length 11 % for 0. mimus in these experiment, in 
contrast to 25% for 0. rnlgaris; Boletzky, 1969) is a Por ­
mal feature or reflects a less than optimal water quality 
remains to be seen. In any event, embryonic development 
appeared perfectly normal (except in egg mass "E"; 
these abnormal embryos are not considered in the results 
of this paper). 
Compared to the developmental rates in Octopus rnl­
garis at a variety of temperatures (Boletzky, 1987), the 
speed of embryonic development of 0. mimus is not sig­
nificantly different. It is within the normal range deter­
mined for other warm water octopods with planktonic 
young, such as 0. cyanea Gray, 1849, 0. tetricus and 0. 
bimaculatus Verrill, 1883, (see Boletzky, 1969). 
Tomicic (1985) described an increase of the population 
of Octopus mimus by a factor of I 00 in north em Chile 
during the last major ENSO event 1982-1983. Thus. 0. 
mimus, which is clearly adaptated to life in the cold up­
welling waters off Chile, can also live under warm water 
conditions. This population increase may be due to sev­
eral factors-environmental ones such as decrease in 
numbers of predators or increase of food supply---0r to 
intrinsic ones, i.e., genetic factors making the animals 
more competitive, perhaps through physiological im­
provement of food conversion at higher temperatures. 
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